INTRODUCTION
Zinc is known to be an essential element for human nutrition and good health1 Aliquots of 1.0ml of fat-free milk were mixed with equal volumes of enzymes prepared as follows: pepsin (4.0mg/ml) in 0.05M hydrochloric acid solution containing 34mM NaCl (pH 1.2); trypsin (2.0mg/ml) in 0.1M NaCl/sodium bicarbonate solution (pH 8.3). To study the effects of pH, aliquots (1.0ml) of fat-free milk were mixed with equal volumes of the above solutions without enzymes. All of the mixtures were half volume of pepsin solution, and then the mixture was digested with trypsin. After digestion, the a dextran (Sephadex) gel. Gel filtration chromatography which had been pre-equilibrated with 10mM phosphate buffer (pH 7.4) containing 20mM NaCl. The samples were eluted with the same buffer at a flow rate of about 6ml/hr and 2.8 ml-fractions were collected.
The concentration of zinc in each fraction was determined by atomic absorption spectroscopy.
Absorbance at 280nm was measured for each fraction. 2a). Most of the zinc (cow's milk, >90%; human milk, >70%) eluted at the first peak which was located at the void volume of the gel. The second peak eluted at the column's total volume, where zinc was present in greater quantities in human milk obtained early in lactation than in cow's milk. During separation of pepsin-digested milk, the first peak disappeared and most of the zinc eluted at a volume similar to that observed for Zn (NO3)2 (Fig. 1b, 2b) . The zinc elution profiles obtained after pepsin digestion were similar for human and cow's milk.
Changes in elution pattern were observed by adjusting the pH (8.3) of the peptic digest before gel filtration (Fig. 3) . The zinc eluted at a volume slightly less than cytochrome C with a molecular weight of 12,000. However, an HCl solution with no enzymes gave a main zinc peak at the same place as those in pepsin-digested samples. Adjusting the pH to 8.3 prior to gel filtration demonstrated that most of the zinc eluted at the void volume.
Sequential treatments of milk with pepsin and trypsin
Sequential digestion by pepsin and trypsin gave zinc elution profiles at a volume slightly less than that of cytochrome C (Fig. 1d, 2d ). The position of the peak was similar to pepsin-digested milk with a pH adjustment. Milk treated with trypsin alone also gave a zinc elution profile similar to that of sequential digestion (Fig. 1c, 2c) . As a control, a milk and Zn (NO3)2 solution (5mg/ml) was adjusted to a pH of 8.3, and there were no significant changes before and after treatment.
There was no difference between human and cow's milk in terms of the amount of zinc at any time during the experiments.
CONCLUSIONS
In the present study, the effects of acid-peptic digestion on zinc in milk was studied to consider the possibility that hydrochloric acid and pepsin secreted by the gastric mucosa react with milk present in the stomach. Pepsin digestion in an HCl solution showed that most zinc eluted at a volume similar to that observed for Zn (NO3)2. Milk treated with an enzymeless HCl solution peaked at the same place as in pepsin-digested samples.
The results suggest that in the stomach, zinc is either free or bound to low molecular weight moieties. Parkash and Jenness5) have reported that most zinc in cow's milk is associated with casein, and casein-bound zinc is completely released by acidification to a pH of 2.0. Milk was then sequentially digested by pepsin and trypsin.
Most zinc eluted at a volume slightly less than that of cytochrome C (12,000 molecular weight).
Moreover, pepsin-digested milk, adjusted to pH 8.3
prior to gel filtration, had an elution profile similar to that of sequentially digested milk, suggesting that when pepsin-digested milk passes into the duodenum, zinc may bind to substance (s) with molecular weights of approximately 12,000. Hurley et al.2,4,7) and Evans et al. 3, 6) have demonstrated that human milk contains much zinc-binding ligands which may facilitate zinc absorption.
However, changes in zinc were not reported during milk digestion.
The present experiments show that the digestion of human and cow's milk results in identical changes in elution profile.
Zinc-binding substance (s), therefore, may be formed in the gastrointestinal Fig. 3 The effects of pH on the elution profiles of pepsin-digested cow's milk. Milk was adjusted to pH 8.3 before gel filtration. Fig. 1b shows pepsin-digested cow's milk with no pH adjustment. Concentratract, although digestion in vivo is perhaps not comparable to in vitro experiments using a simple enzyme system. Furthermore, it may be impossible to estimate zinc availability simply from its presence in raw milk.
It has been suggested that enzyme-resistant peptides are formed during the intestinal digestion of milk casein and that they can form complexes with various other substances8). Mellander9) demonstrated that the peptides form complexes with calcium 70% or more of which is then absorbed from the intestinal tracts of infants.
To what extent these peptides form complexes with zinc is an interesting problem for further research. Zinc-binding substance (s) here probably bind other metals as well. The extent to which the fraction obtained participates in the intestinal absorption of zinc is presently being investigated.
SUMMARY
The amount of zinc in human and cow's milk was evaluated in in vitro experiments using gel chromatography on Sephadex G-75 to simulate the action of gastrointestinal enzymes.
The HCl-peptic digestion of both types of milk demonstrated that most of the zinc eluted at the same position as Zn (NO3)2. The sequential digestion of both types of milk by pepsin and trypsin demonstrated that most of the zinc eluted at a position corresponding to a molecular weight slightly less than 12,000. The results suggest that zinc may be liberated in the stomach and that when the pepsin-digested milk passes into the duodenum, which has an alkaline pH and where trypsin is secreted, zinc may bind to substance (s) formed during intestinal digestion. There was no difference between the elution profiles of the two kinds of milk.
This indicates that differences in zinc availability in human and cow's milk is not responsible for the molecular weight of zinc-binding substances.
